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Abstract 
The stellate neurons of the cerebellar molec-
ular layer have been mostly studied by light and 
transmission electron microscopy (TEM). However, 
the freeze-fracture scanning electron microscopy 
(SEM) and glycosami noglycan histochemistry of these 
inhibitory mi croneurons have not been explored thus 
far. The freeze-etching technique, the freeze-frac-
ture method for SEM and the conventional techniques 
forTEMwere applied to cerebellar samples of Swiss 
albino mice and Arius spixii teleost fishes. In 
addition, Alcian Blue (AB) staining was applied to 
mouse cerebellar tissue in order to study glycosa-
minoglycan histochemistry. At the SEM level, the 
stellate neurons showed a short axonal plexus ex-
tending to the nearby secondary and tertiary Pur-
ki nje dendritic branches, and 2 to 4 conical den-
drites receiving typical axo-dendritic synapses on 
their shafts. The fractured stellate neurons showed 
compact nuclear heterochromatin masses and the 
three dimensional interrelationship of ER and Golgi 
complex (Novikoff's GERL complex). The surface of 
the scarce endoplasmic reticulum was observed as 
strands extending from the nuclear envelope to the 
inner surface of the plasma membrane. At the TEM 
level, axosomatic endings of parallel and climbing 
fibers were distinguished. The cytochemical study 
revealed a homogeneous alcianophyl ic cytoplasmic 
substance, sensitive to hyaluronidase. This was 
particularly evident around and within the nucleus. 
The AB results indicated the presence of hyaluro-
nic acid. A complex neuropil formed by Purkinje 
cell spiny branches, bundles of parallel fibers, 
spine synapses and Bergmann astrocyti c cytoplasm 
was seen adjacent to the stellate neurons. 
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Introduction 
Stellate cells, the intrinsic interneuron of 
the cerebellar molecular layer, were described 
earlier in light microscopy by Fusari (1883), 
S. Ramon y Cajal (1888, cited bys. Ramon y Cajal, 
1911), P. Ramon y Cajal (1896), Ponti (1897),Smir-
now (1897), Estable (1923), Jakob (1928) and Schei-
be] and Scheibel (1954).Morerecently, their fine 
structure was studied by Herndon (1964), Fox et 
al.(1967),Lemkey-Johnston andLarramendi (1968a,b), 
Castejon (1968), Sotelo (1969,1970) and Palkovits 
et al (1971). The most complete description of 
these neurons has been given by Chan-Palay and 
Palay (1972) and Palay and Chan-Palay (1974) by 
means of camera lucid drawings of Go l gi prepara-
tions and transmission electron microscopy. How-
ever, the three-dimensional morphology revealed by 
freeze-fracture scanning electron microscopy(SEM) 
and the glycosaminoglycan histochemistry of these 
microneurons have not been studied thus far. In 
this paper, the conventi ona 1 techniques for scann.-
i ng electron microscopy and the freeze-fracture 
method for SEM(Haggis and Phipps-Todd, 1977) were 
applied to the cerebellar cortex,in order to study 
the three dimensional morphology of intact and 
fractured stellate neurons. 
Several types of evidences have pointed to a 
relationship between acid glycosaminoglycans (GAG) 
and synaptic transmission,especially at the stages 
of synthesis and storage of neurotransmitter amines 
and also in the release of biogenic amines (Kuc-
zensky and Mandell, 1972; Margolis and Margolis, 
1973, 1977; Margolis et al 1973; Pycock et al 
1975; Elam and Peterson, 1976). Acid glycosamino-
glycans are high molecular weight hexosamine con-
taining polymers, consisting mainly of repeating 
disaccharide units, each of which contains one to 
three negative charges held by uronate and/or sul-
phate groups. The presence of these macromolecules 
in the vertebrate CNS has been demonstrated by 
biochemical, autoradi ographi c and histochemical 
techniques (for references, see Alvarado and Cas-
tejon, 1984 J. Hya l uroni c acid, along with chondroi -
tin 4-and/or 6-sulphate, have been reported to be 
present in the cytoplasm of most nerve cells. How-
ever, in the various regions studied, GAG have 
shown a certain amount of hi stochemi cal vari abi -
lity which could be related rather to topographi-
cal variations of neurotransmitter at CNS (Alvarado 
O.J. Castejon and H.V. Castejon 
and Castejon, 1984). Stellate cells have been im-
plicated in the inhibitory control of Purkinje 
cells (Eccles et al, 1967). In the present work, 
a cytochemical study of GAG in the stellate neurons 
has been carried out in order to determine which 
type(s) of GAG is present in an inhibitory inter-
neuron. Thus,the present study provides an account 
of both the scanning electron microscopic features 
and GAG light and electron microscope histochemis-
try of cerebellar stellate neurons. 
Materials and Methods 
Light microsco~e histochemical study of GAG. Adult 
albino mice an rats were injected intraperitoneal-
ly with Nembutal (Sodium pentobarbital,Abbott Lab), 
0.20 mg per gram body weight. After decapitation, 
the brains were removed and the cerebelli fixed by 
immersion in a 2% ice-cold glutaraldehyde in O.lM 
phosphate buffer solution at pH 7.2 for 24-48 h. 
After fixation was completed, all cerebellar sam-
ples were rinsed in the same ice-cold buffer, then 
dehydrated through graded ethanol and embedded in 
paraffin or Paraplast. Sections were cut ata thick-
ness of 4-6 µm. 
Histochemical staining with Alcian Blue (AB). The 
application of this stain, mainly used for reveal-
ing tissue GAG, is based on the formation of solu-
ble complexes, which appear as sky blue precipitates 
between tissue polyanions and the polyc~tionic cop-
per-phthalocyanin AB. The -COO-, -OSO~ residues 
of polyanions interact with the isothiouronium 
groups of AB (Scott and Dorling, 1965). 
Tissue sections were stained for 3h at 37°C 
with 0.1% Alcian Blue 8GX (CI 74240, Polysciences, 
Inc.) in O.lM acetate buffer, pH 3.5. At this pH, 
carboxyl residues are mainly revealed. After stain-
ing and rinsing in distilled water, the sections 
were counterstained with a 0.1% Kernechtrot (E.Gurr) 
solution. This dye was used as a nuclear stain in 
all AB stainings. 
In order to di sti ngui sh between the carboxyl 
groups of glycoproteins and gangliosides and those 
of GAG, duplicate sections were previously incuba-
t,2d, either for 5h at 37°C in 0.5 mg testicular 
hyaluronidase (Type V, Sigma, with an activity of 
1100 UNF/mg protein) per ml of O.lM acetate buffer 
at a pH of 5.5,orfor 10-24h at 37°C in 0.05% neu-
raminidase from clostridium perfringes (Type V, 
Sigma) in the same buffer. Testicular hyaluronidase 
breaks down hyaluronic acid and chondroitin 4- and 
6-sulphate, while neuraminidase splits the bond be-
tween sialic acid and the adjacent sugar in glyco-
protein and ganglioside glycans. Control sections 
were incubated in parallel for the same time and 
temperature in the same buffer without the enzyme(s). 
These sections, together with those treated with 
enzymes, were later processed through every AB 
staining. 
In order to discriminate between sulphated and 
carboxylic groups in the tissue, we used the dif-
ferential staining technique of Scott and Dorling 
(1965), which consisted of the application of a 
critical electrolyte concentration (CEC) to neutra-
lize anionic charges progressively in GAG, so that, 
at high electrolyte concentration, only the most 
anionic GAG are stained. Duplicate tissue sections 
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were incubated in a series of Columbia jars con-
taining 0.05% AB in 0.025M sodium acetate buffer, 
pH 5.6 and MgCl2 in increasing concentrations from 
0.05M to l.OM in each jar. The sections were left 
to stain overnight at room temperature. In vitro, 
the CEC required for dissociating the AB-CQQ-res-
i,due complexes is equal to,_or below O.lM MgCl2; 
complexes between AB and Po4= residues are disso-
ciated at CEC of0.2M while forAB-OSO/= complexes, 
the required CEC is equal or superior to l.OM. 
Since most sulphated GAG contain both coo- and 
OS03= groups, CEC intermediaries between 0.2 and 
l.OM are required for dissociating the AB-carboxy-
sulphated GAG complexes, i.e. chondroitin sulphates 
require CEC' s between O. 4-0. 7M, depending on the 
degree of sulphation and the length of the molec-
ule. In tissue,theCEC necessary for solubilizing 
the complexes of each polyanion are relatively 
higher than those necessary for in vitro. 
Scanning electron microscopy. Specimens of two 
teleost fishes Arius spixii and Salmo trout, were 
fixed by vascular perfusion with Karnovsky fixa-
tive. Specimens weighing 30-82 g, and kept in 
aquaria at room temperature were used. Cerebellar 
slices, 2-3 mm thick, were cut with a razor blade 
and fixed by immersion in the same fixative for 
4-5h. After washing in buffered saline, they were 
postfixed in !%osmium tetroxide in O.lM phosphate 
buffer solution, pH 7.4 for lh. After rinsing in 
a similar buffer, tissue blocks were dehydrated 
through concentrations of ethanol, rapidly frozen 
by plunging into Freon 22, cooled by liquid nitro-
gen (Haggis and Phipps-Todd, 1977) and fractured 
with a precooled razor blade. The fracture frag-
ments were returned to fresh absolute ethanol for 
thawing. According to the Haggis and Phipps-Todd 
(1977) method (the FDFf method), the cytoplasmic 
and nuclear soluble proteins are washed out, pre-
sumably during the thawing step, leaving anfrac-
tous cavities surrounding the cytomembranes and 
allowing visualization of the surface details of 
cytoplasmic and nuclear structures. The tissue was 
then dried by the critical point method with liq-
uid CO2 as recommended by Anderson(l95l)andcoated 
with gold-palladium. Specimens were examined in a 
JEOL 100 B electron microscope with ASID scanning 
attachment at 80kV. 
Freeze-etching and direct replicas. Adult Swiss 
albino mice were injected intraperitoneally with 
Nembutal and sacrificed by decapi ta ti on. The brains 
were carefully removed and thin, 1-2 mm slices of 
cerebellar cortex were fixed in 1% ice-cold glu-
taraldehyde in O.lM phosphate buffer, at pH 7.2-
7 .4, for lh. All cut pieces were immersed in three 
changes of 25% glycerol in a similar buffer for 
periods of l/2h, mounted on gold discs and frozen 
in Freon at liquid N2 temperature for 3-5 seconds. 
They were immediately transferred toa Balzer BAF-
301 freeze-fracture unit,equipped with an electron 
beam gun, at -ll0°C, in a vacuum of 4xl0- 6 • Frac-
tured surfaces were shadowed with a layer of car-
bon-platinum of about 2.5 nm thick. Replicas were 
floated off on water, cleaned in chlorox overnight, 
rinsed in H20, bathed in 50% H2S04 and rinsed in 
multiple changes of water. Cleaned replicas were 
mounted on grids, usually coated with parlodion or 
formvar films, and examined with a JEOL 100 B elec-
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tron microscope. 
Transmission electron microsco . For transmission 
electron microscopy TEM) cerebellar cortex sam-
ples 1-2 mm thick of both albino mice and teleost 
fishes (Arius spixii) were fixed by immersion in 
4% glutaraldehyde in O.lM phosphate buffer solu-
tion, pH 7.4, for 4-16h at 4°C; post-fixed for lh 
in a similarly buffered 1% osmium tetroxide, de-
hydrated through graded concentrations of ethanol 
and embedded in Araldite. Thin sections were stain-
ed with uranyl and lead salts and observed with a 
Siemens Elmiskop I electron microscope. 
Electron microscope cytochemical study of GAG. For 
this purpose, adult normal albino mice of both sex-
es were used. The AB stain, in addition to the 
testicular hyaluronidase, was applied on nerve 
tissue. A group of mice were processed according 
to the Benhke and Zelander (1970) perfusion fixa-
tion technique. The cerebellar tissue was initial-
ly fixed by vascular perfusion with 2% glutaralde-
hyde in O.lM sodium cacodylate buffer, pH 6.5 
(370 mOsm/1) until the perfusion liquid, flowing 
from the right auricle, became clear. Perfusion 
was then continued with a mixture of a similarly 
buffered 2% glutaraldehyde and 0.5% Alcian Blue 
8GX (CI 74240, Allied Chem.) for approximately 20 
rni n. After perfusion, the brain was a 11 owed to 
stand in the skull forlh, then the cerebellum was 
removed and sectioned by means of a Smith-Farquhar 
tissue sectioner, into slices of 30-50 µm thick-
ness which underwent further fixation by immersion 
in a similar glutaraldehyde-AB solution for 2h. 
After rinsing in O.lM cacodylate buffer, the sli-
ces were postfixed in 1% osmium tetroxide -0. lM 
cacodylate buffer (pH 6.5) for 2h at 4°C. The 
tissue was then dehydrated through graded ethyl 
alcohols and embedded in Araldite. Ultrathin sec-
ti ans were stained with both, uranyl acetate and 
lead citrate at high pH and then examined in the 
electron microscope. Controls consisted of sections 
of aldehyde perfused cerebellar tissue which was 
postfixed in osmium tetroxide without previous 
Alcian Blue treatment and prepared for electron 
microscopy as described above. Another group of 
mice, without previous anesthesia, was beheaded, 
and the brains were fixed by immersion in 4% glu-
tara l dehyde in O. lM phosphate buffer at pH 7. 4 for 
2h. After fixation,the tissues were cut into sli-
ces 30 µm thick, washed and subsequently immersed 
in 0.1% Alcian Blue 8GX (ICI,England) in O.lM ace-
tate buffer at pH 3.0 for 9-15h. After washing in 
a similar buffer, the tissues were immersed in 1% 
OsO.- O.lM cacodylate buffer at pH 6.5 for 2h, de-
hydrated and embedded in Araldite. The handling 
and thick sectioning of recently fixed material 
produced some artifacts if we compare it with the 
conventional transmission electron microscopic 
techniques. In spite of this fact,it is the basic 
pre pa ration procedure for the app l i ca ti on of en-
zymatic treatment to the tissue. Some parallel 
slices of glutaraldehyde fixed cerebellar tissue, 
after washing in phosphate buffer pH 7.4, were ir.-
cubated in 0.05% bovine testicular hyaluronidase 
(Sigma, Type V) in O.lM phosphate buffer pH 5.5 
for 4h at 37°C. Control experiments were carried 
out by using the buffer solution, under identical 
conditions, without the enzyme. After incubation, 
the tissued were impregnated in AB and Os04 and 
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processed as described above. All ultrathin sec-
tions were stained with uranyl acetate and lead 
citrate and examined in the electron microscope. 
Results 
Light microscope histochemistry. The histochemicc.l 
study of GAG gave the following results: The ap-
plication of AB (pH 3.5)-Kernechtrot staining C'n 
the rodent cerebellar tissue permitted the visua-
lization of some superficial stellate neurons i\t 
the upper third of the molecular layer (Fig. la). 
These eel is possess more or less fusiform somata, 
that are occupied almost entirely by their nucle·i, 
which appear ovoid or rounded. Large fusiform or 
triangular stel late cells which were apparently 
mingled with the upper basket cells, were seen in 
the middle and lower thirds of this layer (Fig.lb). 
Their scarce cytoplasm showed a homogeneous light 
blue staining throughout the perikaryon. Also the 
nucleus appeared lightly blue stained,whereas the 
nucleoli appeared pink. The application of testi-
cular hyaluronidase on sections prior to staining 
produced disappearance of the cytoplasmic and nu-
clear alcianophylia (Fig. le). Upon digestion of 
cerebellar tissue with neuraminidase, the positive 
AB staining of stellate neurons was not affected. 
With the application of the Scott and Darling 
(1965) staining technique on nerve tissue, the 
fo 11 owing results were observed: In the absence of 
added electrolyte, the stained tissue showed a 
certain degree of variability. Some sections were 
completely blue, whereas others showed only patch-
es of blue. In the presence of 0.05M MgCl2 , the 
cerebellar tissue, in which the nerve cells show-
ed a higher AB affinity,was completely blue stain-
ed. Stell ate neurons showed a moderate blue cyto-
plasm and an intensely blue stained nucleus. At 
O.lM MgCl2 concentration, both the cytoplasm and 
the nucleus showed a drastic diminution of AB 
staining. A light blue homogeneous substance was 
seen throughout the perikaryon, while the nucleus 
showed a light purple staining. At 0.2M concentra-
tion, the stellate neurons showed a very pale blue 
cytoplasm, whereas the nuclei appeared with a pink 
coloration. At 0.3M MgCl2 , all stellate neurons 
appeared completely negative to the AB staining. 
Scanning electron microscopy. Fish cerebellar 
cortex specimens, conventionally processed for SEM, 
showed superficial short-axon stellate neurons 
(Fig. 2) with round, elliptical or fusiform soma-
ta in a parasagi tta l fracture of the outer third 
of the molecular layer. These superficial stellate 
cells are easy to recognize, since they are the 
only neurons in the upper molecular layer. The 
plane of the fracture also allowed us to identify 
the ascending Purkinje dendritic branchlets. Stel-
late neurons, Purkinje dendritic branchlets and 
parallel fibers are the main structural elements 
of the outer molecular layer. Basket cells and 
fewer stellate cells were found in the middle and 
inner thirds of the molecular layer. By these cri-
teria, numerous ste ll ate cells were recorded in 
the outer third molecular layer. Three to five 
beaded dendrites radiated from the cell body to-
ward the neighbouring Purkinje dendrites or other 
stellate cells. The axon originated by way of a 
typical triangular shaped axon hillock and, after 
a short initial segment, bifurcated into tenuous 
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varicose collaterals. Short, ramified and beaded 
dendrites emerged from the cell somata, directed 
toward the passing bundles of parallel fibers 
(Fig. 3). The synaptic relationship between both 
structures (Palay and Chan-Palay, 1974) cannot be 
characterized due to the low SEM resolution. The 
parallel fibers transverse the molecular layer in 
a perpendicular direction to the orientation of 
Purkinje dendritic branchlets, making a crucifor~ 
arrangement. This topographical disposition facil-
itated their identification in the fractographs. 
Some larger stellate cells bore axons exhibiting 
a meandering course, short sectioned collateral 
branches and round enlarged endings. Neither the 
sections nor the fractures studied with the SEM 
allowed observation of their ascending or descend-
ing collaterals classically described in light mi-
croscope Golgi impregnated material. The terminal 
arborization of the axons appeared as a delicate 
plexus that branched and rebranched over the Pur-
kinje dendritic branchlets { Fig. 4). Smal 1 vari-
cosities could be seen along the course of the 
fine terminal axonic branches. 
With the freeze-fracture technique for SEM 
(FDFf method), the stellate neurons were fractured 
through the equatorial plane (Fig. 5), showing at 
low magnification, a condensed pattern of nuclear 
heterochromatin and a thin rim of perinuclear cy-
toplasm. These cells appeared immersed within the 
bundles of parallel fibers and the Purkinje cell 
dendritic processes. At higher magnifications,and 
depending upon the plane of the cryofracture, the 
surfaces of the anastomotic bands of nuclear het-
erochromatin and endoplasmic reticulum of stellate 
neurons were clearly visualized (Fig. 6), because 
of the washing out of soluble proteins from the 
nucleoplasm and cytoplasmic matrix, induced by the 
thawing in absolute alcohol. Stellate neurons, 
fractured through the main axis of eel l soma ta and 
dendritic processes (Fig.7), allowed us to visual-
ize the three-ct i mens i ona l image of the GERL com-
pl ex, formed by the Golgi cisternae and their 
sacs, endoplasmic reticulum canaliculi and lyso-
somes. This image could be correlated with the 
thin section appearance of these organelles locat-
ed in the nuclear poles of mouse cerebellum stel-
late neurons fixed by vascular perfusion with the 
glutaraldehyde-Alcian Blue mixture {Fig. 8). 
In addition to the SEM freeze-fracture m:ethod 
the freeze-etching replicas of mouse cerebellar 
cortex showed the cytoplasmic and nuclear envelope 
fracture faces of stellate neurons (Fig.9). Scarce-
ly fractured endoplasmic reticulum canaliculi and 
vesicles were also observed dispersed throughout 
the body cytoplasm and dendritic processes. The 
nuclear pores were randomly distributed over the 
surface of the fractured nuclear envelope. These 
cytological details could be well compared with 
the TEM image of stellate neurons fixed by glu-
taraldehyde-osmium immersion technique (Fig. 10). 
Transmission electron microscope cytochemistry. 
The EM cytochemical study of GAG at the stellate 
neurons of mouse cerebellum, fixed either by vas-
cular perfusion or immersion with glutaraldehyde-
AB mixture, permitted the observation of a moder-
ately electron dense substance homogeneously de-
posited throughout the cytoplasmic matrix, espe-
cially surrounding the free ribosomes, polyribo-
so;nes and perinuclear region (Fig.11). The nucleo-
plasm and heterochromatin also appeared heavily 
stained. Large axonic endings, presumably corres-
ponding to climbing fiber varicosities, were ob-
served making axosomatic contacts with these neu-
rons (Fig. 12). They were characterized by dense 
packing of spherical vesicles. The matrix of these 
endings also showed an extravesicular electron 
dense material and a few synaptic vesicles appear-
ed moderately electron dense. In addition, small 
synaptic buttons of either "en passant" parallel 
fibers, basket ·cell axons or other stellate cell 
axons were observed attached to the somatic neu-
ronal surface. The submicroscopic features of these 
axosoma tic synapses have al ready been described in 
detail by Lemkey-Johns ton and La rramend i ( 1968b) , 
Mugnaini (1972) and Palay and Chan-Palay (1974). 
Tl1ese synapses showed a high electron dense presy-
napti c substance(Fig.13),which was partially sen-
sitive to hyaluronidase (Fig. 15) and was not ob-
served in glutaraldehyde-osmium fixed specimens. 
Figs. la, lb, le. Albino mouse cerebellum. Photomicrographs of adult mouse cerebellar cortex stained by 
Jl.lcian Blue, pH 3.5 and counterstained by Kernechtrot (original micrographs were in color). The stellate 
neurons (arrows), v1hich are located in the upper (Fig, la), lower and middle thirds (Fig. lb) of the mo-
lecular layer, show an alcianophilic, homogeneous substance at their scanty polar cytoplasm and nucleo-
plasm. After 5 hours of testicular hyaluronidase treatment prior to staining (Fig. le), a complete disap-
pearance of the alcianophilic substance in both cytoplasm and nucleus, is seen. 
Fig. 2. Teleost fish cerebellum (Arius spixii). SEM low magnification of a stellate neuron (SN) in a 
parasagittal fracture of the outer molecular layer showing a short ramified axon (thin arrow) extending 
to the neighbouring Purkinje dendritic branchlets (Pd). The emergence of a robust dendritic process (ar-
rowhead) is also appreciated. Fine varicose dendrites are seen running across the molecular layer. An 
afferent fiber is seen making an axosomatic synaptic contact (thick arrow). 
Fig. 3. Teleost fish cerebellum (Arius spixii). Outer molecular layer. Stellate neuron {SN) in a para-
sagittal fracture of the outer molecular layer. The stellate dendrites (arrows) form a short dense plex-
us underneath the cell body. Bundles of parallel fibers (PF), running in a perpendicular direction to 
the Purkinje dendrites, come into relation {arrowheads) with the stellate beaded dendrites. 
Fig. 4. Teleost fish cerebellum (Arius spixii). Outer third molecular layer. The plane of the fracto-
graph is parallel to the orientation of Purkinje dendrites {Pd). SEM of the fine delicate axonal plex-
uses (AP) of stellate neurons ending upon the surface of Purkinje dendritic branchlets (Pd). 
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In the neighbouring neuropi l an electron dense ma-
terial was observed in the axodendri tic connec-
tion of parallel fibers with stellate cell den-
drites (Fig. 14) and in the dendro-dendritic at-
tachment plaques. The previous incubation with 
testicular hyaluronidase ( Fig. 15) produced an al-
most complete degradation of the electron density 
observed at the hyaloplasmic matrix of stellate 
neurons, at the extravesicular material of axoso-
matic presynaptic endings and also at the presynap-
tic substance of axodendritic connections. Since 
the AB stained material was thick sectioned with 
a Smith-Farquhar tissue sectioner, just after glu-
taraldehyde fixation, most tissue showed some fea-
tures of artifactual moderate edema. This artifac-
tual edema, which gave the tissue a fuzzy appear-
ance, was al so observed in contra l sections, which 
were incubated for the same time and temperature 
in buffer without the enzyme. Thus it may be pro-
duced by the incubation process itself. In spite 
of this fact, the results above mentioned were 
evident. 
Discussion 
The cytoarchitectonic arrangement and intra-
cortical neuronal circuits of teleostean cerebel-
lar cortex have been reported in detail by light, 
transmission and scanning electron microscopy 
(Castejon and Caraballo, 1980a, 1980b; Castejon 
and Castejon, 1981; Castejon, 1981; Castejon,1983). 
Using the cryofracture method for SEM, the ste l -
1 ate neurons were preliminarily characterized in 
fish and human cerebelli (Castejon and Caraballo, 
1980a; Castejon and Valero, 1980).In such studies 
we have provided the three-dimensional features 
for identification at SEM level of cerebellar af-
ferent fibers: mossy and climbing fibers and some 
intrinsic cerebellar circuits:mossy fiber-granule 
cell dendrites, climbing fiber-Purkinje cell den-
drites and parallel fiber-Purkinje cell dendrites. 
In the present study the stellate cells were easily 
identified since they are the only short axon 
nerve cells existing in the outer third molecular 
layer with short.circumscribed contorted dendri-
tes. The stellate cell axon appeared as a unique 
process showing a typical axon hillock at the ini-
tial segment and terminal ramifications at the 
sites of contacts with Purkinje dendrites. The 
contorted ste 11 ate dendrites exhibited a beaded 
aspect and frequent bifurcations. The low resolu-
tion of SEM did not allow us to characterize the 
synaptic relationship of stellate cell axons with 
Purkinje cell dendrites and the stellate cell den-
drite-parallel fiber synapses, as has been demon-
strated by transmission electron microscopy (Cas-
tejon, 1968; Palay and Chan-Palay, 1974). 
The SEM observations on stellate neurons have 
been correlated, wherever possible,with the clas-
sical descriptions of stellate cells made by opti-
cal and electron microscopes (Castejon,1968; Chan-
Palay and Palay, 1972). In this study, some inter-
nal details of fractured stel late neurons have 
been three-dimensionally viewed by SEM,taking ad-
vantage of the washing out of soluble proteins 
from the fracture face induced by the freeze-frac-
ture process (Haggis et al ,1976). One interesting 
contribution of the freeze-fracture method for SEM 
is the three-dimensional visualization of endo-
plasmic reticulum surface,its spatial arrangement 
and organization. As previously mentioned by Cas-
tejon (1984), the GERL complex, as described by 
Novikoff (1967, 1976), is formed by three struc-
tural and functionally related components: the 
Golgi apparatus, endoplasmic reticulum and lyso-
somes. According to this author, the smooth sur-
faced membrane structures of the Golgi apparatus 
are frequently seen to be continuous in neurons 
with granular reticulum. Novikoff introduced the 
acronym GERL to designate the link between the 
Golgi apparatus, ER and lysosomes. The a priori 
SEM observations are suggestive of the GERL com-
plex existence, although the tentative interpreta-
tions of the current TEM studies (Farquhar and Pa-
lade, 1981) tend to indicate that Golgi elements 
have distinct domains from ER. The SEM findings 
tend to favour the idea of a more complex three-
dimensional interrelationship between these ele-
ments. In spite of the fact that the stellate cy-
toplasmic fracture face could not be observed at 
SEM level, due to the washing out of soluble pro-
tein induced by the freeze-fracture process,never-
theless it was clearly observed in the freeze-etch-
£:i...g___,___j. Teleost fish cerebellum (Salmo trout). SEM freeze-fracture method. Inner third molecular layer 
showing a fractured deep stellate neuronal cell soma (SN) and the bundles of passing parallel fibers (PF). 
~- Teleost fish cerebellum (Salmo trout). SEM freeze-fracture method. Fractured stellate neuron 
showing the anastomotic bands of nuclear heterochromatin (N) and the outer surface of endoplasmic retic-
ulum (ER) extended between the nucleus and the inner surface of the plasma membrane. 
~- Teleost fish cerebellum (Sal mo trout). SEM freeze-fracture method. Fractured stel late neuron 
showing the GERL complex (GC) intercalated as a continuous structure between the nucleus (N) and the 
endoplasmic reticulum (ER). The fractured dendritic process (arrow) also exhibits the surface of endo-
plasmic reticulum profiles. 
E..uLJl. Mouse cerebellum. Vascular perfusion with glutaraldehyde-Alcian Blue mixture. Ultrathin section 
of a stellate neuron (SN) showing the GERL complex formed by the Golgi apparatus (GC), endoplasmic re-
ticulum (ERJ and lysosome (L). The arrow points out a dendrosomatic attachment plaque between the eel l 
soma surface and a neighbouring dendrite (D). The alcianophylic substance is also seen deposited through-
out the cytoplasmic matrix. 
£i..g___,___1. Mouse cerebellum. Freeze-etching technique. Replica of the outer molecular layer showing a stel-
late neuron (SN) and the cross sections of oar~llel fibers (PF). The nucleus (N) shows the E-face (Ef) 
of outer nuclear membrane and the P-face (Pf) of inner nuclear membrane. The nuclear pores (arrowheads) 
appear randomly dispersed. The smooth cytoplasmic fracture-face exhibits scarce endoplasmic reticulum 
profiles (ER) and mitochondria (M). 
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ing replicas as a smooth homogeneous surface. These 
observations indicate that both techniques can be 
used complementarily. 
The light microscope histochemical results 
observed in rodent cerebellar stellate neurons af-
ter the AB pH 3.5 stain was applied, are sugges-
tive of the presence of some carboxylated residues 
in these neurons. All GAG and also sialic acids 
contain coo-groups which could be responsible for 
the AB positive reaction of these cells. The ap-
plication of the enzyme neuraminidase, prior to 
staining did not affect, to any extent, the al-
cianophylic neuronal response. This fact indicates 
that sialic groups are not greatly involved in 
the AB staining of stellate neurons. On the other 
hand, the alcianophylic staining was almost com-
pletely suppressed in both cytoplasm and nucleus, 
after testicular hyaluronidase digestion. The ma-
jor natural substrates of this enzyme are hyaluro-
nic acid, chondroitin 4-sulphate and chondroitin 
6-sulphate. Therefore, the AB stained material 
present at the cytoplasm and also the nucleus of 
stellate neurons, seem to be mainly constituted by 
one or severa 1 of the above mentioned GAG. The 
application of the Scott and Darling (1965) tech-
nique permitted a better discrimination between 
the carboxyl non-sulphated glycan:hyaluronic acid, 
and the carboxyl-sulphated glycans: chondroitin 4-
or 6-sulphate. Since the AB positive staining of 
stellate neurons was easily suppressed by very low 
concentrations ofMgC12 ,the AB reactivity of these 
cells may be only given by hyaluronic acid. These 
results could be correlated with those of EM cyto-
chemistry in which an electron dense substance, 
also sensitive to hyaluronidase,was visualized at 
the hyaloplasmic matrix ar.d nucleoplasm of these 
neurons. Our results are not in complete accord 
with the biochemical findings of Margolis and Mar-
golis (1974) who, analysing neuronal cell bodies 
isolated in bulk from brain,demonstrated that be-
sides hyaluronic acid,other GAG such as chondroi-
tin sulphates and heparin sulphate were present. 
Almost all the hyaluronic acid and chondroitir: 
sulphates in the brain are either soluble or occur 
in an easily solubilizable form, whereas the hepa-
rin sulphate is firmly attached to membranes (for 
reference see Margolis and Margolis, 1979). The 
presence of hyaluronic acid at the nucleoplasm, 
as seen in our histochemical results, was pre-
viously reported by RK Margolis et al (1976), who 
found that the nuclei themselves contain hyaluronic 
acid,chondroitin sulphates and minimal quantities 
of heparin sulphate. The fact that no sulphate gly-
can has been histochemically demonstrated by us in 
stellate neurons would indicate either that, if 
these GAG are present in such neurons.they are in 
such minor quantities as to be not detected hi sto-
chemically, or the histochemical techniques used 
by us are not specific or sensitive enough to sat-
isfy the neurochemist or, finally, as we would 
suggest, not a 11 neurons of CNS contain the poo 1 
of GAG mentioned above. Such would be the case in 
stellate neurons. Recently, Aquino et al (1984), 
using immunoelectron microscopy techniques for the 
localization of a chondroitin sulphate proteogly-
can in nervous tissue, have made the observation 
that not all nerve cells stain intracellularly. 
They suggest as one of the possible reasons, that 
the chondroitin sulphate proteoglycan is present 
in certain cell types or subclasses. As one exam-
ple of unstained cell they presented the cerebel-
lar Purkinje cell, which is, as stellate neuron, 
another inhibitory nerve cell. In spite of the 
fact that several GAG have been related to neuro-
transmission,no evidence has been reported on the 
role of hyaluronic acid in this particular nerve 
function (Margolis and Margolis, 1974, 1977). The 
apparent main function of this compound is to main-
tain the structural and functional integrity (ex-
tra and intracellular) of nerve tissue by ordering 
its ionic composition and hydration (Margolis and 
Margolis, 1977). It is interesting, however, to 
speculate on the possible functions of hyaluronic 
acid in nerve transmission: for example, its high 
binding capacity to large domains of water molec-
ules, which provides a highly charged ionic envi-
ronment. This compound could also influence the 
binding and possible transport of certain cations 
during nerve transmission and perhaps of certain 
inhibitory neurotransmitters, i.e. GABA. 
Fig. 10. Mouse cerebellum conventionally fixed by immersion with glutaraldehyde and osmium tetroxide. 
The nucleoplasmic (N) and cytoplasmic ground substances {Cy) of stellate neuron are electron transparent. 
Profiles of rough and smooth endoplasmic reticulum (ER), mitochondria {M) and coated vesicles (arrowhead) 
are distinguished. The arrow points out an unidentified axosomatic synaptic connection. 
Fig. 11. Mouse cerebellum. Vascular perfusion with Alcian Blue-glutaraldehyde mixture. Stellate neuron 
showing an electron dense a lei anophyl i c substance (arrows) deposited throughout the cytop 1 asmi c ground 
substance (Cy) and surrounding the nuclear envelope (N),free ribosomes and polyribosomes. A heavy stain-
ing of a coated vesicle (arrowhead) is also seen. 
Fig. 12. Mouse cerebellum fixed by vascular perfusion with Alcian Blue-glutaraldehyde mixture. Axosoma-
tic contact between a large presynaptic terminal, presumably a climbing fiber (CF), and a stellate neu-
ron (SN). The matrix of the terminal shows a moderately electron dense substance surrounding the synap-
tic vesicles. The neighbouring Bergmann glial cell cytoplasm (BG), that encapsulated the synaptic con-
tact, appears unstained. 
Fig. 13. Mouse cerebellum fixed by vascular perfusion with Alcian Blue-glutaraldehyde mixture. Alciano-
phylic stellate neuron (SN) receiving a small axosomatic ending, apparently a parallel fiber ending (PF). 
Note the high electron density of the presynaptic projections (arrows). 
Fig. 14. Mouse cerebellum fixed by vascular perfusion with Alcian Blue-glutaraldehyde mixture. Neuropil 
in the close neighbourhood of a stellate neuron (SN) showing a fine stellate dendritic process (D) ex-
hibiting an axodendritic connection, apparently with a neighbouring steilate cell axon (arrow). A symmet-
rical dendro-dendritic plaque is also appreciated (arrowhead). 
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Fig. 15. Mouse cerebellum. Effect of testicular 
hyaluronidase on glutaraldehyde fixed cerebellar 
cortex followed by Alcian Blue and osmium tetrox-
ide fixation. At the stellate neuron (SN) an al-
most complete degradation of electron dense al-
cianophylic cytoplasmic substance was especially 
seen around the nucleus (N) and free ribosomes. 
Pre- and postsynaptic densities of axosomatic and 
neighbouring axodendritic contacts (arrows) also 
appear partially degraded. 
690 
Binding of hyaluronic acid to a brain glyco-
protein (hyaluronectin), besides covalent linkages 
with one or more polypeptides (Delpech and Hala-
vent, 1981) have also been demonstrated. The func-
tional implications of this latter finding are 
unknown. 
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Discussion with Reviewers 
Reviewer I: Why fish and mouse cerebe 11 um? Which 
are the differences and similarities between both 
species? 
Authors: The cerebellum of teleost fishes varies 
greatly in size and form in different species.This 
variation is closely related to the phylogenic po-
sition and the habits of individual species. The 
cerebellum of inactive fishes is small, but in 
strong swimmers it is large. The relative develop-
ment of cerebellar subdivisions is correlated with 
the importance in different species, of the affe-
rent systems from which fiber tracts enter the res-
pective subdivisions (Larsell, 1967). 
The principal mass of the cerebellum can be 
divided into corpus cerebelli, in a general sense 
and a valvula. The samples examined in the present 
study were taken from the corpus cerebe 11 i of Sa lmo 
Trutta and Arius spixi i. The corpus cerebell i of 
these species comprise three cellular layers: a 
nearly solid corp of granular cells, covered by a 
zone of Purk i nj e ce 11 s ard an outer molecular layer. 
In addition, a fourth layer has been described in 
teleost cerebellar cortex: The fibrous stratum, 
composed of compact bundles of mye l i na ted axons 
located between the Purkinje and granule cell lay-
ers (Schnitzlein and Faucette, 1969; Castejon and 
Caraballo, 1980b).These myelinated axons apparent-
ly correspond to afferent fibers (climbing fibers, 
afferent connections to the molecular layer), and 
efferent fibers ( Purkinje cell axons). This cyto-
architectonic arrangement is quite homologous with 
those of higher vertebrates. However, in teleost 
cerebellum, the valvula has distinct molecular and 
granular layers. The molecular layer of all parts 
of the corpus cerebelli is formed by innumerable 
transversally arranged parallel fibers, dendrites 
of Purkinje and Golgi cells and stellate neurons 
and their processes. The origin of the fiber end-
ings in the fish cerebellar molecular layer is im-
perfectly known at the present time. We do not know 
with certainly how the afferent tracts: the spino-
cerebellar tract, the tractus mesencephalo-cerebel-
laris anterior and posterior and the tractus lobo-
cerebellaris, end in the granular, Purkinje and mo-
lecular layers. Therefore, in the present paper in 
general, we have pointed out,as illustrated in Fig. 
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2, afferent fibers in the molecular layer making 
axosomatic contacts with stellate neurons, without 
distinguishing between afferent connections of in-
trinsic fibers of the fish cerebellar cortex. 
The rodent cerebellum on the contrary, exhib-
its the three-common layers of vertebrate cerebel-
lum. Fish and mice cerebelli exhibit in general, 
similar features in relation to cellular organiza-
tion but fairly different cerebellar intracortical 
circuits due to different afferent connections. 
What seems to be similar are some intrinsic connec-
tions: parallel fiber-Purkinje cell dendrite sys-
tem, stellate axon-Purkinje cell dendrite synaptic 
relationship, and climbing fiber-stellate cell 
synapses. There are however, certain types ofter-
minal fibers in the molecular layer of teleost fish 
described by Larse 11 ( 1967), that have not been 
described in other classes of vertebrates and which 
possibly represent the terminals of the lobe-cere-
bellar tract fiber. To the best of our knowledge 
such fibers have not been characterized thus far 
at the electron microscope level. 
Revie1ver II: 1) In the figure 4 ho1v are the axons 
and dendrites distinguished from each other? 
2) In a number of the transmission electron micro-
graphs (Figs. 12-15) identification is made of such 
structural features as axe-somatic contacts, axo-
dendritic synapses, Bergmann glial cells, dendri-
tic processes, dendro-dendritic plaques, etc. Will 
you give the criteria used to distinguish these 
from each other? 
Reviewer IV: The authors provide no criteria for 
identifying any of the cytological structures in 
their preparations. How do they tell axons, 
dendrites, Purkinje cell dendrites, parallel fibers 
from anything else in their scanning preparations? 
Authors: 1) The stellate cell axons spread out on-
ly in a circumscribed plane near to the cell body 
and lie transverse to the axis of the cerebellar 
cortex, whereas the Purkinje dendritic branches 
ascend to the surface of the folium, following a 
perpendicular course. Due to this geometrical ar-
rangement, both processes are orientated at right 
angles in the molecular layer, as depicted in fi-
gure 4. Since stellate cells are short axon cells, 
as illustrated in figures 1 and 2, at SEM level, 
you can follow the axonal stem and then observe 
the axonal arborizations impinging upon the Pur-
kinje dendritic branches, which form the main body 
of molecular layer neuropil. 
2) The following general criteria were used in the 
identification of parallel and climbing tenninals 
making axe-somatic and axo-dendritic synaptic con-
tacts with stellate cells: a) Parallel fiber bou-
tons were identified in cross sections as circular 
or ellipsoid profiles, 0.5 to 1.5 µmin diameter, 
containing spheroidal synaptic vesicles and a clear 
cytoplasm. The synaptic contact was characterized 
by a darkly stained postsynaptic thickening resem-
bling Gray's type I synaptic junctions. Confirma-
tion of identification came from observations of 
longitudinally sectioned parallel fiber bundles, 
which appear surrounding the stellate neurons. In 
such sections preterminal parallel axons preceeding 
the synaptic varicosities could be distinguished. 
b) Climbing fiber synaptic knobs appear as dome-
shaped structures 1-2 µm in their largest diameter. 
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They were distinguished by the presence of a dense 
intervesicular cytoplasm and clear round synaptic 
vesicles which almost fill the volume of the end-
ing. Neurotubules were seen in abundance in the 
preterminal axonal segments of these fibers. A 
large sampling of climbing fibers upon stellate 
cell soma showed the synaptic contact to consist 
of an apposition of terminal and somatic surfaces 
over a length of 1.2 - 1.5 µm and multiple points 
of contact or active sites. The differential fea-
tures between parallel and climbing fiber endings 
upon stellate and basket cells have been studied 
in detail by Lemkey-Johnston and Larramendi (1968b) 
in mouse and by Mugnaini (1972) in the cat.We ho.Ve 
not been able to characterize as yet the axosoma-
tic endings belonging to other stellate or basket 
cells. 
With relation to axodendritic synapses, the 
varicosities of parallel fibers also synapse with 
stellate cell dendrites (Palay and Chan-Palay, 
1974). These varicosities enclose a loose aggre-
gate of spheroidal synaptic vesicles and the synap-
tic junction is asymmetric or Gray's type I synap-
tic contact. Quite often the parallel fiber bun-
~les appear surrounding the stellate cells. Many 
of these fibers simply pass by without any synap-
tic specialization, others expand into synaptic 
varicosities that impinge upon the stellate den-
dritic shaft. The stellate cell dendrites appear-
ed sectioned longitudinally and contain microtubu-
les and neurofilaments. These processes can be seen 
as postsynaptic structures and sometimes appeared 
joining each other by desmosomal structure or pun-
ta adhaerentia, termed by Gray's dendrodendritic 
attachment plaques (Gray, 1961), which probably 
has a purely adhesive function. These structures 
have symmetrical densities and no clearly associa-
ted synaptic vesicles. 
The Bergmann glial cell (Fafianas cells) is a 
type of protoplasmic astrocyte present in the ce-
rebellar Purkinje and molecular layers. It appears 
as a satellite cell of Purkinje neurons character-
ized by a watery appearance cytoplasm, which gives 
off numerous lamellar processes that penetrate in-
to the surrounding neuropil. The Bergmann process-
es form a continuous sheath completely enshrouding 
the nerve processes existing in the molecular lay-
er. They insinuate themselves among Purkinje den-
drites, climbing fibers, parallel fibers, stellate 
cell processes and the spiny synapses. They are 
easily recognized by transmission electron micros-
copy due to their low electron dense cytoplasm. 
Reviewer IV: 1) The cerebellum varies enormously in 
different species of fish. Do the fish studied have 
cerebellar folia? Do these have climbing fibers? 
Please cite references to the cytology and organi-
zation of the cerebellum in fishes. 
2) Figure 3 has parallel fibers allegedly coming 
into relation with beaded dendrites. But what is 
the nature of that relation? Does it mean some-
thing, or are they just together in the same field? 
3) In Figure 11, a blurry zone betwee~ the nucleo-
plasm and the cytoplasm is claimed to be glucosa.-
minoglycan rich material in the cell matrix. Per-
693 
haps its density is increased by the Alcian blue 
staining and therefore might represent some sign 
of this substance, but in the absence of a true 
control (an equivalent field without staining or 
after enzymatic digestion) and in the presence of 
lead and uranyl counterstaining (which would over-
power Alcian blue any day), no one can tell how 
chemically specific the density is. Please comment. 
Authors: 1) There is indeed a remarkable differ-
ence of evolutionary development, anatomy and or-
ganization of cerebellum in fishes. A detailed 
study has been reported by Nieuwenhuys (The Cere-
bellum. Prag Brain Res 25, 1-93, 1967) and Schnitz-
lein and Faucette (1969, see References). The 
corpus and valvula cerebelli of the teleost cere-
bellum herein studied, did not exhibit folia. With 
regards to histology, it may be stated that granu-
lar, molecular and Purkinje cells can be distin-
guished in the corpus as well as in the valvula 
cerebelli. In teleost fish (Arius spixii) we have 
described by means of light and electron micros-
copy, the presence of climbing fibers (Castejon 
and Caraballo, 1980b; Castejon, 1983). The basic 
information on anatomy, cytology and organization 
of the cerebellum in fishes was early summarized 
by Larsell (1967, see References) and later by 
Schnitzlein and Faucett, Nieuwenhuys and Nichol-
son, Kaiserman-Abramof and Palay, Bennett and 
Steinbach and Nicholson, Llinas and Precht (Neu-
robiology of Cerebellar Evolution and Develop~ent, 
R L l inas, ed. AMA. USA, 1969). 
2) The low SEM resolution power does not allow 
the characterization in this figure, of the synap-
tic relationship between parallel fiber and stel-
late cell dendrite. Therefore the figure only in-
dicates a topographic relation. Axodendritic sy-
napses between parallel fibers and stellate cell 
dendrites have been described by Castejon (1968) 
and Palay and Chan-Palay (1974) by means of 
transmission electron microscopy. 
3) As illustrated in Figure 15, the previous in-
cubation with testicular hyaluronidase produced 
a complete degradation of the perikaryal alciano-
philic substance shown in Figure 11. This finding 
evinces that hyaluronic acid is present within 
stellate cell cytoplasm. 

